We consider the scattering of an atom as it passes through a classical standing wave, without neglecting the center-of-mass kinetic energy. In the large detuning limit we show that this may be modeled as a nonlinear pendulum. In the quantum description fractional revivals of the initial state occur. These revivals This Hamiltonian is the same form as that for a nonlinear pendulum, and thus exhibits bounded motion inside one of the cosine potential wells and unbounded motion over the top of the cosine potential. We define a classical state to be a probability measure on phase space of the form Q(q, p)dq dp, where Q (q,p) is the joint probability densi- 
These revivals take the form of a superposition of a finite number of semiclassical states. The interaction of electronic and center-of-mass motion of an atom with the electromagnetic field has recently been exploited in the burgeoning field of atomic optics [9] . It is now possible to cool and trap atoms in regions of less than a single optical wavelength, where the number of atomic vibrational energy states is relatively small and the center-of-mass motion is manifestly quantum mechanical. Recent experiments [10, 11] have measured the efFect of this quantized motion on the fluorescence spectra of trapped atoms. In this paper we focus directly on the center-of-mass motion of the atom as it traverses an optical field. A related problem was recently discussed by graham, Schlautmann, and Zoller [12] , where This Hamiltonian is the same form as that for a nonlinear pendulum, and thus exhibits bounded motion inside one of the cosine potential wells and unbounded motion over the top of the cosine potential. We define a classical state to be a probability measure on phase space of the form Q(q, p)dq dp, where Q (q,p) is the joint probability densi- [14] . The resulting pattern has been referred to as a "whorl. " In Fig. 1 we have plotted the mean and variance of momentum as a function of time for F=1.2. Since we are not interested in the variation over one classical period, but rather the long-time evolution, we have plotted the variances at times &=2m. n, with n integer. For obvious reasons n is referred to as the strobe number. We see that the mean is rapidly damped and the variance rises to a constant value as the initial state is smeared over the classical trajectories. To investigate the quantum dynamics we use the Husimi or Q function [15] as the appropriate quantum analog of the classical phase-space density. For a quantum state I P(r) ), it is defined by o =(Ecoo/2)+o. In Fig. 2 To illustrate this behavior we show in Fig. 3 field system with a Rabi frequency 0/2m =1.0X 10 [19] .In Fig. 4 we show the momentum distribution at the four fractional revival times of Fig. 3 
